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INTRODUCTION 
Turbulent s c a t t e r  and Fresnel r e f l ec t ion  are the  fundamental echoing 
mechanisms t o  i n t e r p r e t  the s igna l s  observed by MST radars  (HARPER and GORDON, 
1980). 
s t ruc tu re  and mean flow of t he  atmosphere. Observational r e s u l t s  with VHF MST 
radars,  howwer, show the  importance of Fresnel r e f l e c t i o n  due t o  the  i n f i n i t e  
gradient of r e f l e c t i v i t y  a t  the edges of a sca t t e r ing  layer.  
excluded f o r  the weak f luc tua t ion  models but i t  i s  s t i l l  poss ib le  to  include the  
observed aspect s e n s i t i v i t y  by assuming an an iso t ropic  s t ruc tu re  of f luctua- 
t ions .  This  paper tries t o  give another explanation of the aspect s e n s i t i v i t y  
observed by MST radars.  Spec t ra l  estimates by the  widely used periodogram a r e  
r e l a t e d  t o  a four-dimensional spectrum of atmospheric f luc tua t ions  with aniso- 
Turbulent sca t te red  echoes provide information about the  turbulence 
This condition i s  
t rop ic  s t ruc ture .  Ef fec ts  of radar system such-as antenna beam width 
d i r ec t ion  and FFT data length a re  discussed f o r  an iso t ropic  turbulent 
atmosphere. 
PERIODOGIUM ESTIMATION 
Echo parameters are a l so  estimated. 
The Fourier transform of sca t te red  echo, Q(w),  i s  defined as f o l  
w(t)q(t)exp[-jwt]dt 
beam 
ows; 
(1) 
where q ( t )  and w( t )  a r e  the  sampled da ta  a t  per t inent  a l t i t u d e  and the  FFT 
window function, respectively.  
ensemble average of QQ*. 
The periodogram of q ( t )  i s  defined a s  the 
where 0 i s  a four-dimensional (space-time) spec t r a l  density which w e  have 
expressed as the product of a power-law s p a t i a l  spectrum and a Gaussian temporal 
spectrum (ISHIMARU, 1978). 
H represents t he  e f f e c t s  of the radar used f o r  the observations. Radar 
LIU and YEH (1980) showed t h a t  the c l a s s i c a l  
frequency, antenna beam width, pulse waveform and da ta  length of the FFT window 
determine the  proper t ies  of H. 
Booker-Gordon formula i s  v a l i d  when the  condition D/XF<<X/LO i s  s a t i s f i e d ,  
where D and XF are the antenna beam exten t  and the  Fresnel rad ius  a t  a l t i t u d e  
z ,  respectively.  For an iso t ropic  f luc tua t ions ,  the  e f f ec t ive  horizontal  length 
s c a l e  becomes comparable t o  the Fresnel radius,  thus H(K, w-Q) i s  computed t o  
include the phase d i f fe rence  of incident waves i n  the  sca t t e r ing  region. 
Figure 1 shows an example of the  ca lcu la ted  periodograms. Parameters f o r  
the  ca l cu la t ion  are given i n  the  f igure .  The dot ted  l i n e  represents  t he  tempor- 
a l  spectrum of @(K, w). 
ways agree with t h a t  of the temporal f luc tua t ion .  
PARAMETER ESTIMATION 
It shows t h a t  the  observed spec t r a l  width does not al- 
We now discuss  a moment dependence of periodograms on the  beam width, beam 
d i r ec t ion  and FFT, data length. 
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Figure 1. An example of estimated periodograms. 
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Figure 2 shows the zeroth moment (echo power) dependence on the zeni th  
angle. 
coherence cone i s  much wider than the antenna bean width, r e su l t i ng  i n  the echo 
power s l i g h t l y  dependent on the zeni th  angle. Results observed by the Jicamarca 
radar  conclude, however, t h a t  the difference of echo power between the v e r t i c a l  
and o f f v e r t i c a l  (3 degrees from the zeni th)  beams i s  about several  decibels 
(FUKAO e t  al., 1980). Our ca l cu la t ion  suggests t h a t  t he  horizontal  length sca l e  
of f luctuat ions i s  about a few tens t i m e s  l a rge r  than t h a t  of the v e r t i c a l  
direct ion.  
When the anisotropy of f luctuat ions is r e l a t ive ly  small, the angle of 
For the f i r s t  moment of periodograms, the estimation e r r o r  increases f o r  
l a r g e r  values of anisotropy with wider antenna beams. But the r e l a t i v e  e r ro r  i s  
very small, thus it could be concluded t h a t  the e f f e c t s  of the radar system on 
thw Doppler veloci ty  estimations a r e  v i r t u a l l y  neglected. 
1 - 2 5 . ,  , ’  
- ?Ins€ LElCIn 
RLTITUOE 
lEAllUlnTn 
RUISOTIIO~T rncion 
OUTER SCRLE 
UIUO VELOCITT 
nnRIznuinL 
VERTICRL - - nmf  itxorn 
- - 
zmm (IncLE 
- 
5 1 
ZENlIH RNGLE IOEGI 
RIIISorRaPr FUCfOR 30 
Y 
0 
Y 
c P
0.1 I IO I00 
ZENITH RHCLE lOECl 
BERMWIDTH : 3 ( d e g l  
- 
N 
5 
1 V E L O C I T Y  Im/s) 
z 
0 
c- 
- 
2 0 . 3  
(r 0 . 1  
0 
cn 
W 
* 
u 
z 
w 
Q 
w 
CT 
= 0.03 
LL 
1 3 10 30 100 
O R T R  WlNOOW Is) 
Figure 2.  Echo power versus antenna Figure 3. Frequency resolut ion 
zeni th  angle. versus FFT window length. 
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The bandwidth of H i n  the frequency d i r ec t ion  determines the frequency 
resolut ion of periodograms, which then a f f e c t s  the estimations of the second 
moment. Figure 3 shows the r e l a t i o n  between the spec t r a l  resolut ion and the 
t i m e  duration of FFT window. 
r e l a t ive ly  small, the resolut ion is inversely proportional t o  the FFT duration. 
The resolut ion converges t o  a ce r t a in  value t h a t  i s  determined by the beam width 
and/or wind veloci ty .  
CONCLUSIONS 
When the horizontal  veloci ty  of f luctuat ions i s  
This i s  due t o  the f i n i t e  extents of s ca t t e r ing  volume. 
The e f f ec t  of f i n i t e  space-time extents i s  examined f o r  spec t r a l  estima- 
An aspect s e n s i t i v i t y  of scat tered echo can t i ons  of: MST radar observations. 
take place i n  the case of a weak r e f r ac t ive  index f luc tua t ions  with anisotropic  
8 t r u c  tu re  . 
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